We study holographic RG flow solutions within four-dimensional N = 4 gauged supergravity obtained from type IIA and IIB string theories compactified on T 6 /Z 2 × Z 2 orbifold with gauge, geometric and non-geometric fluxes. In type IIB non-geometric compactifications, the resulting gauged supergravity has ISO(3)×ISO(3) gauge group and admits an N = 4 AdS 4 vacuum dual to an N = 4 superconformal field theory (SCFT) in three dimensions. We study various supersymmetric RG flows from this N = 4 SCFT to N = 4 and N = 1 non-conformal field theories in the IR. The flows preserving N = 4 supersymmetry are driven by relevant operators of dimensions ∆ = 1, 2 or alternatively by one of these relevant operators, dual to the dilaton, and irrelevant operators of dimensions ∆ = 4 while the N = 1 flows in addition involve marginal deformations. Most of the flows can be obtained analytically. We also give examples of supersymmetric Janus solutions preserving N = 4 and N = 1 supersymmetries. These solutions should describe two-dimensional conformal defects within the dual N = 4 SCFT. Geometric compactifications of type IIA theory give rise to N = 4 gauged supergravity with ISO(3) ⋉ U (1) 6 gauge group. In this case, the resulting gauged supergravity admits an N = 1 AdS 4 vacuum. We also numerically study possible N = 1 RG flows to non-conformal field theories in this case.
Introduction
Along the line of research within the context of the AdS/CFT correspondence, the study of holographic RG flows is of particular interest since the original proposal in [1] . There are many works exploring this type of holographic solutions in various space-time dimensions with different numbers of supersymmetry. In this paper, we will particularly consider holographic RG flows within three-dimensional superconformal field theories (SCFTs) using gauged supergravity in four dimensions. This might give some insight to the dynamics of strongly coupled SCFTs in three dimensions and related brane configurations in string/M-theory.
Most of the previously studied holographic RG flows have been found within the maximal N = 8 gauged supergravities [2, 3, 4, 5, 6, 7, 8, 9] . Many of these solutions describe various deformations of the N = 8 SCFTs arising from M2-brane world-volume proposed in [10, 11] . Similar study in the case of lower number of supersymmetry is however less known. For example, a number of RG flow solutions have appeared only recently in N = 3 and N = 4 gauged supergravities [12, 13, 14] . In this work, we will give more solutions of this type from the half-maximal N = 4 gauged supergravity. N = 4 supergravity allows for coupling to an arbitrary number of vector multiplets. With n vector multiplets, there are 6n + 2 scalars, 2 from gravity and 6n from vector multiplets, parametrized by SL(2, R)/SO(2) × SO(6, n)/SO(6) × SO(n) coset. The N = 4 gauged supergravity has been constructed for a long time in [15] and [16] . Gaugings constructed in [15] are called electric gaugings since only electric n+6 vector fields appearing in the ungauged Lagrangian gauge a subgroup of SO (6, n) . These vector fields transform as a fundamental representation of SO (6, n) . The scalar potential of the resulting gauged supergravity constructed in this way does not possess any AdS 4 critical points [17, 18] . This is not the case for the construction in [16] in which non-trivial SL(2, R) phases have been included.
The most general gauging in which both electric vector fields and their magnetic dual can participate has been constructed in [19] using the embedding tensor formalism. A general gauge group is a subgroup of the full duality group SL(2, R) × SO(6, n) with the vector fields and their magnetic dual transforming as a doublet of SL(2, R). In this work, we will consider N = 4 gauged supergravity obtained from compactifications of type II string theories with various fluxes given in [20] , for other works along this line see for example [21, 22, 23] .
In [20] , the scalar potential arising from flux compactifications of type IIA and IIB theories on T 6 /Z 2 × Z 2 within a truncation to SO(3) singlet scalars has been considered, and some AdS 4 critical points together with their properties have been given. For type IIB non-geometric compactification, the vacuum structure is very rich even with only a few number of fluxes turned on. Among these vacua, there exists an N = 4 AdS 4 critical point dual to an N = 4 SCFT with SO(3) × SO(3) global symmetry. In addition, the full classification of vacua from type IIA geometric compactification has also been given. In this case, there exist a number of stable non-supersymmetric AdS 4 critical points as well as an N = 1 AdS 4 vacuum, see [24] for an N = 1 supersymmetric AdS 4 vacuum in massive type IIA theory.
We are particularly interested in N = 4 and N = 1 AdS 4 critical points from these two compactifications. They correspond to N = 4 and N = 1 SCFTs in three dimensions with global symmetries SO(3) × SO(3) and SO(3), respectively. We will look for possible supersymmetric deformations within these two SCFTs in the form of RG flows to non-conformal phases preserving some amount of supersymmetry. These deformations are described by supersymmetric domain walls in the N = 4 gauged supergravity. In the case of N = 1 SCFT arising from massive type IIA theory, non-supersymmetric RG flows to conformal fixed points in the IR have been recently found in [25] .
For type IIB compactification, we will also consider supersymmetric Janus solutions describing (1 + 1)-dimensional conformal interfaces in the N = 4 SCFT. This type of solutions breaks conformal symmetry in three dimensions but preserves a smaller conformal symmetry on the lower-dimensional interface. Similar to the RG flow solutions, there are only a few examples of these solutions within the context of four-dimensional gauged supergravities [14, 26, 27, 28] , see also [29, 30, 31] for examples of higher-dimensional solutions. They also play an important role in the holographic study of interface and boundary CFTs [32, 33] . We will give more examples of these solutions in N = 4 gauged supergravity obtained from non-geometric flux compactification.
The paper is organized as follow. In section 2, we review relevant formulae and introduce some notations for N = 4 gauged supergravity in the embedding tensor formalism. In section 3 and 4, we give a detailed analysis of supersymmetric RG flow and Janus solutions obtained from non-geometric type IIB compactification. Similar study of RG flows from geometric type IIA compactification will be given in section 5. We finally give some conclusions and comments on the results in section 6. We have also included an appendix containing more details on the conventions and the explicit form of complicated equations.
2 N = 4 gauged supergravity coupled to six vector multiplets
We first review relevant information and necessary formulae of four-dimensional N = 4 gauged supergravity which is the framework we use to find supersymmetric solutions. We mainly follow the most general gauging of N = 4 supergravity in the embedding tensor formalism given in [19] in which more details on the construction can be found. N = 4 supersymmetry allows for coupling the supergravity multiplet to an arbitrary number of vector multiplets. We will begin with a general formulation of N = 4 gauged supergravity with n vector multiplets and later specify to the case of six vector multiplets. In half-maximal N = 4 supergravity, the supergravity multiplet consists of the graviton eμ µ , four gravitini ψ fields χ i and one complex scalar τ consisting of the dilaton φ and the axion χ. The complex scalar can be parametrized by SL(2, R)/SO(2) coset. The supergravity multiplet can couple to an arbitrary number n of vector multiplets, and each vector multiplet contains a vector field A µ , four gaugini λ i and six scalars φ m . Similar to the dilaton and the axion in the gravity multiplet, the 6n scalar fields in these vector multiplets can be parametrized by SO(6, n)/SO(6) × SO(n) coset.
We will use the following convention on various indices appearing throughout the paper. Space-time and tangent space indices are denoted respectively by µ, ν, . . . = 0, 1, 2, 3 andμ,ν, . . . = 0, 1, 2, 3. The SO(6) ∼ SU(4) R-symmetry indices will be described by m, n = 1, . . . , 6 for the SO(6) vector representation and i, j = 1, 2, 3, 4 for the SO(6) spinor or SU(4) fundamental representation. The n vector multiplets will be labeled by indices a, b = 1, . . . , n. All fields in the vector multiplets then carry an additional index in the form of (A a µ , λ ia , φ ma ). Fermionic fields and the supersymmetry parameters transform in the fundamental representation of SU(4) R ∼ SO(6) R R-symmetry and are subject to the chirality projections
On the other hand, for the fields transforming in the anti-fundamental representation of SU(4) R , we have
Gaugings of the matter-coupled N = 4 supergravity can be efficiently described by using the embedding tensor. This tensor encodes all the information about the embedding of any gauge group G 0 in the global or duality symmetry group G = SL(2, R) × SO(6, n) in a G covariant way. According to the analysis in [19] , a general gauging can be described by two components of the embedding tensor ξ αM and f αM N P with α = (+, −) and M, N = (m, a) = 1, . . . , n + 6 denoting fundamental representations of SL(2, R) and SO(6, n), respectively. The electric vector fields
, appearing in the ungauged Lagrangian, and their magnetic dual A −M form a doublet under SL(2, R) denoted by A αM . A particular electric-magnetic frame in which the SO(2) × SO(6, n) symmetry, with SO(2) ⊂ SL(2, R), is manifest in the action can always be chosen. In this frame, A +M and A −M have charges +1 and −1 under this SO(2). In general, a subgroup of both SL(2, R) and SO(6, n) can be gauged, and the magnetic vector fields can also participate in the gauging. Furthermore, it has been shown in [17] , see also [18] , that purely electric gaugings do not admit AdS 4 vacua unless an SL(2, R) phase is included [16] . The latter is however incorporated in the magnetic component f −M N P [19] . Accordingly, we will consider only gaugings involving both electric and magnetic vector fields in order to obtain AdS 4 vacua. We will see that gauged supergravities obtained from type II compactifications are precisely of this form.
The gauge covariant derivative can be written as
where ∇ µ is the usual space-time covariant derivative including the spin connection. t M N and t αβ are SO(6, n) and SL(2, R) generators which can be chosen as
with ǫ αβ = −ǫ βα and ǫ
is the SO(6, n) invariant tensor, and g is the gauge coupling constant that can be absorbed in the embedding tensor Θ.
The embedding tensor component Θ αM N P can be written in terms of ξ αM and f αM N P components as
To define a consistent gauging, the embedding tensor has to satisfy a quadratic constraint. This ensures that the gauge generators
form a closed algebra.
In this work, we will consider solutions with only the metric and scalars non-vanishing. In addition, we will consider gaugings with only f αM N P nonvanishing. Therefore, we will set all vector fields and ξ αM to zero from now on. In particular, this simplifies the full quadratic constraint to
For electric gaugings, these relations reduce to the usual Jacobi identity for f M N P = f +M N P as shown in [15] and [16] . The scalar coset manifold SL(2, R)/SO(2) × SO(6, n)/SO(6) × SO(n) can be described by the coset representative (V α , V A M ) with A = (m, a). The first factor can be parametrized by
or equivalently by a symmetric 2 × 2 matrix
Note also that Im(V α V * β ) = ǫ αβ . The complex scalar τ can also be written in terms of the dilaton φ and the axion χ as
For the SO(6, n)/SO(6) × SO(n) factor, we introduce another coset representative 
As in the SL(2, R)/SO(2) factor, we can parametrize the SO(6, n)/SO(6) × SO(n) coset in term of a symmetric matrix
We are now in a position to give the bosonic Lagrangian with the vector fields and auxiliary two-form fields vanishing
where e is the vielbein determinant. The scalar potential can be written in terms of scalar coset representatives and the embedding tensor as
where M M N is the inverse of M M N , and M M N P QRS is defined by
with indices raised by η M N . Before giving an explicit parametrization of the scalar coset, we give fermionic supersymmetry transformations of N = 4 gauged supergravity which play an important role in subsequent analyses. These are given by
The fermion shift matrices, appearing in fermionic mass-like terms in the gauged Lagrangian, are defined by 
and similarly for its inverse
G ij m convert an index m in vector representation of SO (6) to an anti-symmetric pair of indices [ij] in the SU(4) fundamental representation. They satisfy the relations
The explicit form of these matrices can be found in the appendix. We finally note the expression for the scalar potential written in terms of A 1 and A 2 tensors as
It follows that unbroken supersymmetry corresponds to an eigenvalue of A ij 1 , α,
where V 0 is the value of the scalar potential at the vacuum, the cosmological constant.
We now consider the case of n = 6 vector multiplets. Possible gauge groups are accordingly subgroups of SO(6, 6) for ξ αM = 0. Following [20] , we restrict ourselves to solutions preserving at least SO(3) subgroup of the full gauge group. The residual SO(3) symmetry is embedded in SO(6, 6) as a diagonal subgroup of SO(3) ×SO(3) ×SO(3) ×SO(3) with the four factors of SO(3) being subgroups of SO(6)×SO(6) ⊂ SO (6, 6) . The 36 scalars within SO(6, 6)/SO(6)× SO(6) coset transform as (6, 6) under SO(6) × SO(6) compact subgroup. The above embedding of SO(3) × SO(3) in SO(6) is given by
This implies that the 36 scalars transform as
under the unbroken
We see that there are four SO(3) singlets. We will denote these scalars by (ϕ 1 , ϕ 2 , χ 1 , χ 2 ) as in [20] . In addition, we will also use the explicit parametrization given in [20] . This gives the coset representative
where the two 2 × 2 matrices e and B are defined by
Explicitly, the SO(6, 6)/SO(6) × SO(6) coset representative consisting of all SO(3) singlet scalars is given by
It should also be noted that there are two scalars which are singlet under (3)] diag as can be seen by taking the tensor product of the representation 6 in (24) giving rise to two singlets (1, 1) of SO(3) × SO(3). These two singlets correspond to ϕ 1 and ϕ 2 . Similarly, the SL(2, R)/SO(2) coset representative will be parametrized by
With all these and the definition φ i = (ϕ g , ϕ 1 , ϕ 2 , χ g , χ 1 , χ 2 ), the scalar kinetic terms can be found to be
where we have defined the scalar metric K ij which will play a role in writing the BPS equations. The four SO(3) singlet scalars in SO(6, 6)/SO(6) × SO(6) correspond to non-compact generators of SO(2, 2) ⊂ SO(6, 6) that commute with the SO(3) symmetry. It is convenient to split indices M = (AI) for A = 1, 2, 3, 4 and I = 1, 2, 3. This implies that the SO(6, 6) fundamental representation decomposes as (4, 3) under SO(2, 2) × SO(3). In terms of (AI) indices, the embedding tensor can be written as
with Λ αABC = Λ α(ABC) . In particular, the quadratic constraints read
The SO(6, 6) fundamental indices M, N can also be decomposed into (m,m), m,m = 1, 2, . . . , 6. In connection with the internal manifold
the index m is used to label the T 6 coordinates and split into (a, i) such that a = 1, 3, 5 and i = 2, 4, 6. Similar decomposition is also in use form = (ā,ī). All together, indices A, B can be written as A = (1, 2, 3, 4) = (a, i,ā,ī). Indices I, J = 1, 2, 3 label the three T 2 's inside
The SO(6, 6) invariant tensor η M N and its inverse are chosen to be
This leads to some extra projections on the negative and positive eigenvalues of η M N . For example, in order to compute M M N P QRS in the scalar potential defined by equation (15), we need to project the second index of V M A by using the projection matrix
Finally, we will also set the gauge coupling g = 1 2 as in [20] .
RG flows from type IIB non-geometric compactification
We begin with a non-geometric compactification of type IIB theory on T 6 /Z 2 × Z 2 . This involves the fluxes of NS and RR three-form fields (H 3 , F 3 ) and nongeometric (P, Q) fluxes. This compactification admits a locally geometric description although it is non-geometric in nature.
From the result of [20] , the effective N = 4 gauged supergravity theory is not unique. In this paper, we will only consider the gauged supergravity admitting the maximally supersymmetric N = 4 AdS 4 vacuum. In this case, all the gauge and non-geometric fluxes lead to the following components of the embedding tensor
for a constant λ. The first and second lines correspond to (H 3 , F 3 ) and (P, Q) fluxes, respectively. As shown in [20] , the gauge group arising from this embedding tensor is
. This gauge group is embedded in SO(6, 6) via the SO(3, 3) × SO(3, 3) subgroup.
Using this embedding tensor and the explicit form of the scalar coset representative given in the previous section, we find the scalar potential
This potential admits a trivial critical point at which all scalars vanish. The cosmological constant is given by
At this critical point, we find the scalar masses as in . Note that we have used different convention for scalar masses from that used in [20] . The masses given in table 1 are obtained by multiplying the masses given in [20] by 3.
This AdS 4 critical point preserves N = 4 supersymmetry as can be To set up the BPS equations for finding supersymmetric RG flow solutions, we first give the metric ansatz
where dx 2 1,2 is the flat Minkowski metric in three dimensions. We will use the Majorana representation for gamma matrices with all γ µ real and γ 5 purely imaginary. This choice implies that ǫ i is a complex conjugate of ǫ i . All scalar fields will be functions of only the radial coordinate r. To solve the BPS conditions coming from setting δχ i = 0 and δλ i a = 0, we need the following projection
From the δψ µi = 0 conditions for µ = 0, 1, 2, we find
where W = |W|, and ′ denotes the r-derivative. These equations are obtained by solving real and imaginary parts of δψ µi = 0 separately, see more details in [12, 27] . The superpotential W is defined by
where α is the eigenvalue of A ij 1 corresponding to the unbroken supersymmetry. We will choose a definite sign for the A ′ equation and e iΛ such that the N = 4 critical point identified with the N = 4 SCFT in the UV corresponds to r → ∞.
For all scalars non-vanishing, the N = 4 supersymmetry is broken to N = 1 corresponding to the Killing spinor ǫ 1 . The superpotential for this unbroken N = 1 supersymmetry is given by
from which we find
The scalar potential can be written in term of W as
and, as usual, the BPS equations from δχ i = 0 and δλ i a = 0 can be written as
K ij is the inverse of the scalar kinetic metric defined in (30) . The explicit form of these equations is rather complicated and will not be given here. However, they can be found in the appendix.
It is also straightforward to check that these BPS equations solve the second order field equations. Furthermore, there exist a number of interesting subtruncations keeping some subsets of these SO(3) singlets. We will firstly discuss these truncations and consider the full SO(3) singlet sector at the end of this section.
RG flows with N = 4 supersymmetry
We begin with RG flow solutions preserving N = 4 supersymmetry to N = 4 non-conformal field theories in the IR. The analysis of BPS conditions δψ µi = 0, δχ i = 0 and δλ i a = 0 shows that there are two possibilities in order to preserve N = 4 supersymmetry. The first one is to truncate out ϕ 1,2 and χ 1,2 . The second possibility is to keep only the three dilatons ϕ g and ϕ 1,2 by setting χ g = χ 1,2 = 0.
N = 4 RG flows by relevant deformations
From table 1, we see that (ϕ g , χ g ) correspond to relevant deformations by operators of dimensions 1 or 2. The BPS equations admit a consistent truncation to these two scalars. By setting ϕ 1,2 = χ 1,2 = 0, we obtain a set of simple BPS equations
Since (ϕ g , χ g ) are scalars in SL(2, R)/SO(2), they are SO(6, 6) singlets and hence SO(3) × SO(3) invariant. All solutions to these equations then preserve the full SO(3) × SO(3) symmetry. Moreover, equations δλ i a = 0 are identically satisfied, and it can be checked that N = 4 supersymmetry is unbroken since equations δχ i = 0 and δψ µi = 0 hold for all ǫ i satisfying the γr projector (39). We should clarify here the convention on the number of supersymmetry. In four dimensions, the γr projector reduce the number of supercharges from 16 to 8. The latter corresponds to N = 4 supersymmetry in three dimensions. On the other hand, the AdS 4 vacuum preserves all 16 supercharges corresponding to N = 4 superconformal symmetry in three dimensions containing 8 + 8 = 16 supercharges.
We begin with an even simpler solution with χ g = 0 which, from the above equations, is clearly a consistent truncation. In this case, we end up with the BPS equations
The solution to these equations is easily found to be
with C being an integration constant. The additive integration constant for A has been neglected since it can be absorbed by scaling dx 2 1,2 coordinates. In addition, the constant C can also be removed by shifting the r coordinate.
At large r, we find, as expected for dual operators of dimensions ∆ = 1, 2,
The solution is singular as r → − 2 √ 2C λ since ϕ g → −∞. Near this singularity, we find
The scalar potential is bounded above with V → −∞. Therefore, the singularity of this solution is physical by the criterion given in [34] . The solution then describes an RG flow from the dual N = 4 SCFT to an N = 4 non-conformal field theory with unbroken SO(3) × SO(3) symmetry. The metric in the IR is given by
where we have absorbed some constants to dx 
we find the following solution to equations (46),(47) and (48)
where 2 F 1 is the hypergeometric function.
The solution interpolates between the N = 4 AdS 4 vacuum as r → ∞ and a singular geometry at a finite value of r. There are two possibilities for the IR singularities. The first one is given by
where χ 0 is a constant. In this case, we have ϕ g → ∞ and χ g → constant as √ 2λr(1 + χ 2 0 ) → 4χ 0 C. It should be noted here that the constant C in these equations is not the same as in the full solution given in (57), (58) and (59).
Another possibility is given by
In this case, as √ 2rλ → −4C, we have ϕ g → −∞ and χ g → ±∞ depending on the sign of the constantC. Both of these singularities lead to V → −∞, so they are physical.
N = 4 RG flows by relevant and irrelevant deformations
We now consider RG flows with N = 4 supersymmetry with χ g = χ 1,2 = 0. Recall that ϕ 1 and ϕ 2 are SO(3) × SO(3) singlets, we still have solutions with SO(3) × SO(3) unbroken along the flows. It should also be noted that the truncation χ 1,2 = 0 is consistent only for χ g = 0. This implies that N = 4 supersymmetry does not allow turning on the operators dual to χ g and ϕ 1,2 simultaneously. It would be interesting to see the implication of this in the dual N = 4 SCFT.
In this case, the BPS equations reduce to
These equations can be analytically solved by introducing new variables
in terms of which the BPS equations becomẽ 
By combining all of these equations, we find that
which can be solved by the following solution
In this solution, we have fixed the integration constant for ϕ g to zero since at the AdS 4 critical point ϕ g =φ 1 =φ 2 = 0. The integration constant for A is irrelevant. Combining equations (67) and (68), we obtain after substituting for ϕ g
whose solution is given byφ
Near the AdS 4 critical point, we haveφ 1 ∼φ 2 ∼ 0 which requires that C 1 = 0. This choice leads toφ 2 =φ 1 which implies ϕ 2 = 0 and ϕ g = 0. We see that the flow does not involve ϕ g and is driven purely by an irrelevant operator of dimension 4 dual to ϕ 1 . In this case, the N = 4 SCFT dual to the AdS 4 vacuum is expected to appear in the IR. Note also that equation (69) is consistent for ϕ g = 0 if and only ifφ 2 =φ 1 as being the case here. Finally, we can solve equation (67) forφ 1 (r)
The solution is singular as r →
. Near this singularity, the solution becomes
This singularity leads to V → ∞, so the solution is unphysical. We end the discussion of this truncation by giving some comments on possible subtruncations. From equations (67) and (68), we easily see that setting ϕ 1 = 0 orφ 2 = 0 is a consistent truncation. This is equivalent to setting ϕ 2 = ±ϕ 1 . In this case, the solution is found to be
where the new radial coordinate ρ is defined by dρ = e − ϕg 2 dr. We see that in this case ϕ g is non-trivial along the flow. In order to make the solution approach the AdS 4 critical point with ϕ g ∼ ϕ 1 ∼ 0, we need to choose C 1 = 1. This gives ϕ g = ± ln cosh ϕ 1 .
The solution is singular for ρ →
with ϕ 1 → ∞. In this limit, we find
Both of these singularities lead to V → ∞, so they are also unphysical.
RG flows with N = 1 supersymmetry
We now consider a class of RG flow solutions preserving N = 1 supersymmetry and breaking the SO(3) × SO(3) to its diagonal subgroup. This is achieved by turning on the marginal deformations corresponding to χ 1 and χ 2 to the solutions. As in the N = 4 case, there is a consistent subtruncation to only irrelevant and marginal deformations with only ϕ 1 and χ 1 non-vanishing. We will consider this case first and then look for the most general solutions with all six SO(3) singlet scalars non-vanishing. It should be noted that the truncation with only ϕ 2 and χ 2 non-vanishing is not consistent. This is also an interesting feature to look for in the dual field theory.
N = 1 RG flows by marginal and irrelevant deformations
By setting ϕ g = χ g = ϕ 2 = χ 2 = 0 in the BPS equations, we obtain
We are not able to analytically solve these equations in full generality, so we will look for numerical solutions in this case. Note that further truncation to only ϕ 1 gives rise to the following BPS equations
2 (e ϕ 1 − 1) and
with the solution
This is nothing but the same solution as in the previous section forφ 2 =φ 1 . Therefore, we will not further discuss this solution.
For non-vanishing χ 1 , we need to find the solutions numerically. An example of these solutions is given in figure 1 . The asymptotic behavior of this solution can be determined from the BPS equations at large ϕ 1 as follow where χ 0 is a constant. This singularity leads to V → ∞ implying that it is unphysical. We have in addition checked this by a numerical analysis which consistently shows a diverging scalar potential near the singularity.
N = 1 RG flows by relevant, marginal and irrelevant deformations
After consider various consistent truncations, we end this section by considering N = 1 RG flow solutions with all six SO(3) singlet scalars turned on. The resulting RG flows will be driven by all types of possible deformations namely marginal, irrelevant and relevant. In this case, we need to use a numerical analysis due to the complexity of the full set of BPS equations given in the appendix. Similar to the analysis of [9] , there could be many possible IR singularities due to the competition between various deformations both by operators and vacuum expectation values (vev) present in the UV N = 4 SCFT. Some examples of these solutions are given in figure 2 . In the figure, we have given solutions for three different values of the flux parameter λ for comparison. From figure 2, we see a singularity in the IR end of the flow while near r → ∞ the flow approaches the UV N = 4 AdS 4 . The numerical analysis shows that the singularity is of a bad type according to the criterion of [34] since it leads to V → ∞.
Supersymmetric Janus solutions
In this section, we look at another type of solutions with an AdS 3 -sliced domain wall ansatz, obtained by replacing the flat metric dx 
The solution, called Janus solution, describes a conformal interface of co-dimension one within the SCFT dual to the AdS 4 critical point. This solution breaks the three-dimensional conformal symmetry SO (2, 3) to that on the (1+1)-dimensional 
Furthermore, the integrability conditions for δψ î 0,1 = 0 equations lead to
As expected, these two equations reduce to A ′ = ±W and
The constant κ, with κ 2 = 1, imposes the chirality condition on the Killing spinors corresponding to the unbroken supersymmetry on the (1 + 1)-dimensional interface. The detailed analysis of these equations can be found for example in [27] . Unlike the RG flow case, the Killing spinors depend on both r and ξ coordinates, see more detail in [26] .
We have seen that the analysis of RG flow solutions with all six SO(3) singlet scalars turned on involves a very complicated set of BPS equations. Since the BPS equations for supersymmetric Janus solutions are usually more complicated than those of the RG flows, we will not perform the full analysis with all SO(3) singlet scalars but truncate the BPS equations to two consistent truncations, with (ϕ g , χ g ) and (ϕ 1 , χ 1 ) non-vanishing. As in other cases studied in [14, 26, 27] , truncations to only dilatons or scalars without the axions or pseudoscalars are not consistent with the Janus BPS equations, or equivalently Janus solutions require non-trivial pseudoscalars.
N = 4 Janus solution
We first consider the Janus solution with only the dilaton and axion in the gravity multiplet non-vanishing. In this case, the BPS conditions δλ 
where we have also included the gravitini equations from (91). In term of the superpotential
these equations take a similar form as in the other four-dimensional Janus solutions in [14, 26, 27] . These equations solve all the BPS conditions for any ǫ i , i = 1, 2, 3, 4. Therefore, any solutions to these equations will preserve N = 4 supersymmetry. We solve these equations numerically with an example of the solutions given in figure 3 .
From figure 3 , we see that the solution interpolates between N = 4 AdS 4 vacua at both r → ±∞. This solution is then interpreted as a (1+1)-dimensional conformal interface within the N = 4 SCFT. The interface preserves N = (4, 0) supersymmetry on the interface due to the sign choice κ = 1, and SO(3) × SO(3) symmetry remains unbroken throughout the solution.
N = 1 Janus solution
The truncation keeping only ϕ 1 and χ 1 is still consistent in the case of Janus BPS equations. In contrast to the previous truncation, any solutions to these equations 
in term of which the BPS equations can be written as
Unlike the previous case, an intensive numerical search has not found any solutions interpolating between AdS 4 vacua in the limits r → ±∞. All of the solutions found here are singular Janus in the sense that they connect singular domain walls at two finite values of the radial coordinate. We give an example of these solutions in figure 4 . This solution could be interpreted as a conformal interface between two N = 1 non-conformal phases of the dual N = 4 SCFT. However, the singularities are of the bad type. An uplift to type IIB theory would be needed in order to decide whether the solution is physically acceptable in the ten-dimensional context.
RG flows from type IIA geometric compactification
We now carry out a similar analysis for a geometric compactification of type IIA theory. The procedure is essentially the same, so we will omit unnecessary details. In this case, the compactification only involves gauge (H 3 , F 0 , F 2 , F 4 , F 6 ) and geometric (ω) fluxes. However, the fluxes are more complicated and lead to many components of the embedding tensor compared to the type IIB case
In the above equations, we have also given the form field corresponding to each flux component. The resulting gauged N = 4 supergravity has a non-semisimple group ISO(3) ⋉ U(1) 6 and admits the minimal N = 1 AdS 4 vacuum at which the gauge group is broken down to SO(3) compact subgroup. The corresponding superpotential for the unbroken N = 1 supersymmetry is given by
The scalar potential can be written in term of W = |W| as
Its explicit form is given in the appendix. When all scalars vanish, there is an N = 1 AdS 4 vacuum with the cosmological constant
The six scalars have squared masses as follow All of these values are in agreement with [20] after changing to our convention including a factor of 3. As in the type IIB case, the BPS equations obtained from supersymmetry variations can be written as
However, the resulting equations are much more complicated than those from type IIB compactification. We will then not give them in this paper. Furthermore, we have not found any consistent subtruncation within this set of equations. In the following, we will only give examples of holographic RG flows from the N = 1 SCFT dual to the above AdS 4 critical point to non-conformal N = 1 field theories in the IR. These numerical solutions are shown in figure 5 with three different values of the flux parameter λ as in the IIB case. As in the IIB case, we have numerically analyzed the scalar potential near the singularity and found that it leads to V → ∞ which implies the singularity is unphysical.
Conclusions and discussions
We have found many supersymmetric RG flows and examples of Janus solutions in N = 4 gauged supergravities obtained from flux compactifications of type II string theories. These solutions describe supersymmetric deformations and conformal interfaces within the dual N = 4 and N = 1 SCFTs in three dimensions. Many of the flow solutions have been obtained analytically which should be useful for further investigation.
In type IIB non-geometric compactification, the gauged supergravity has ISO(3) × ISO (3) We have given numerically the flows driven by marginal and irrelevant operators and the most general deformations in the presence of all types of deformations, relevant, marginal and irrelevant. It has been pointed out in [20] that the vacuum structure of type IIB compactification is very rich. The solutions found in this paper show that the number of supersymmetric deformations of these vacua is also enormous.
Within this type IIB compactification, we have also given Janus solutions preserving N = 4 and N = 1 supersymmetry. These correspond to (1 + 1)-dimensional conformal interfaces preserving SO(3) × SO(3) and SO(3) symmetry. For the N = 4 solution, we have given a numerical solution interpolating between AdS 4 vacua on the two sides of the interface, called regular Janus. This solution gives a holographic dual of a conformal interface in N = 4 SCFT. For the N = 1 case, we have not found this type of solutions but the singular Janus, interpolating between N = 1 non-conformal phases of the dual N = 4 SCFT. The situation is very similar to the N = 1 Janus solutions studied in [14] . It would be interesting to have a definite conclusion about the existence of regular Janus solutions in these two N = 4 gauged supergravities.
In this non-geometric compactification, it is useful to give some comments about the holographic interpretation of the results. Due to its non-geometric nature, the stringy origin of the N = 4 gauged supergravity is presently not well understood. This makes the meaning of the resulting solutions in terms of RG flows in the dual SCFT unclear. However, working in four-dimensional gauged supergravity has an obvious advantage in the sense that the whole formulation of N=4 gauged supergravity is virtually unchanged for all gaugings from both geometric and non-geometric compactifications. Therefore, the approach used here can be carried out for all other gaugings regardless of their higher dimensional origins. On the other hand, the full interpretation of the results in higher dimensional contexts calls for further study. Hopefully, the results presented here could be useful along this line of investigations.
We have also carried out the same analysis in a geometric compactification of type IIA theory resulting in N = 4 gauged supergravity with ISO(3) ⋉ U (1) 6 . The gauged supergravity admits an N = 1 AdS 4 vacuum dual to an N = 1 SCFT in three dimensions. Due to the lack of further consistent subtruncation, we have numerically found examples of holographic RG flows to N = 1 non-conformal field theories. Similar to the solutions in the type IIB case, the flows are driven by relevant, marginal and irrelevant operators in a more complicated manner. It should be pointed out that the massless scalars dual to marginal deformations considered in this paper are not the Goldstone bosons corresponding to the symmetry break-
6 → SO(3). The Goldstone bosons transform non-trivially under the residual symmetry groups SO(3) × SO(3) and SO(3) while the massless scalars considered in the solutions are singlets. Therefore, they are truly marginal deformations in the N = 1 and N = 4 SCFTs. Note also that, in the type IIB case, these marginal deformations break N = 4 supersymmetry in consistent with the fact that all maximally supersymmetric AdS 4 vacua of N = 4 gauged supergravity have no moduli preserving N = 4 supersymmetry [35] .
There are many possibilities for further investigations. First of all, it would be interesting to identify the N = 1 and N = 4 SCFTs dual to the N = 1 and N = 4 AdS 4 vacua. This should allow to identify the dual operators driving the RG flows obtained holographically in this paper. It could be interesting to look for more general Janus solutions in type IIB compactification with more scalars turned on and also look for similar solutions in type IIA compactification. Another direction would be to uplift the solutions found here to ten dimensions. This could be used to identify the g 00 component of the ten-dimensional metric and checked whether the unphysical singularities by the criterion of [34] are physical by the criterion of [36] . Finally, it would be of particular interest to further explore type IIB compactification with more general fluxes than those considered in [20] . This could enlarge the solution space of both AdS 4 vacua and their deformations including possible flow solutions between two AdS 4 vacua. We leave these issues for future works.
A Useful formulae
In this appendix, we collect all of the conventions about 't Hooft symbols, the scalar potential coming from type IIA geometric compactification and complicated BPS equations arising from type IIB non-geometric compactification with all SO(3) singlet scalars non-vanishing. 
A.1 't Hooft symbols
These matrices satisfy the relation
A.2 BPS equations for type IIB compactification
In this section, we give the full BPS equations for the non-geometric compactification of type IIB theory. These equations are given by 
